Abstract The biodiversity of the Red Sea remains relatively understudied, particularly for invertebrate taxa. Documenting present patterns of biodiversity is essential for better understanding Red Sea reef ecosystems and how these ecosystems may be impacted by stressors (such as fishing and climate change). Several species of giant clams (genus Tridacna) are reported from the Red Sea, although the majority of research effort has occurred in the Gulf of Aqaba. We investigated the genetic diversity (16S rDNA) of the Tridacna species found in the central Saudi Arabian Red Sea. We also investigated the genetic diversity (ITS rDNA) of symbiotic dinoflagellates Symbiodinium associated with these clams. Samples were collected from nine reefs on a cross-shelf gradient near Thuwal, Saudi Arabia. Two species, T. squamosa and T. maxima, were recorded, with the latter being the most abundant. Tridacna squamosina, a species recently reported in the northern Red Sea, was not found, suggesting that this species is not present or is very rare in our study region. All tridacnids sampled were found to harbor Symbiodinium grouped in Clade A, considered an opportunistic, heat-tolerant symbiont group in anemones and corals. The consistent association with Clade A Symbiodinium in central Red Sea tridacnids may reflect the consequence of adaptation to the relatively extreme conditions of the Red Sea. This study contributes to an ever-growing catalog of Red Sea biodiversity and serves as important baseline information for a region experiencing dynamic pressures.
Introduction
The Red Sea hosts a wide variety of marine life, a high percentage of endemic species, and one of the largest reef systems on Earth DiBattista et al. 2016) . The Red Sea fauna is exposed to relatively extreme conditions, such as high temperature and salinity (Ngugi et al. 2012; Raitsos et al. 2013) , and likely have unique adaptations to these potential environmental stressors. In some ways, the current conditions within the Red Sea may reflect those predicted to occur at reefs worldwide with continued climatic changes, presenting an opportunity to examine the ecology of organisms and their responses to stressful environments under future ocean conditions (see Voolstra et al. 2015) . To establish a foundation for future work and assessment of potential impacts, it is first necessary to establish an understanding of which species are present and their distributions throughout the Red Sea.
The Red Sea's status as a hotspot of biodiversity is evidenced in the steady stream of newly described species from the region (e.g., Gill et al. 2013; Terraneo et al. 2014; Reimer et al. 2015; Russell et al. 2015; Bogorodsky et al. 2016) . Unfortunately, however, several threats to biodiversity are present, including overfishing (Hasan 2005; Richter et al. 2008; Spaet and Berumen 2015) , habitat loss (Badr et al. 2009; bin The original version of this article was revised: Figures 4, 5 and 6 of the original article were published with incorrect images and captions.
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Electronic supplementary material The online version of this article (doi:10.1007/s12526-017-0715-2) contains supplementary material, which is available to authorized users. Othman et al. 2010) , and pressures from tourism (Gladstone et al. 2013) . Benthic organisms living on reefs, including coral and other invertebrates, are some of the most vulnerable to the above-mentioned threats. Although invertebrates constitute the majority of biodiversity on reefs, they are amongst the leaststudied organisms in almost all reef systems . Research on non-coral marine invertebrates in the Red Sea is limited and the majority of these studies focused on the Gulf of Aqaba, which represents <2% of the area of the Red Sea . Richter et al. (2008) documented that a species of giant clam (Tridacna costata, later synonymized as Tridacna squamosina) (Huber & Eschner, 2011) represented >80% of the recent fossil record in the Gulf of Aqaba, but has now been reduced to a local population of less than 13 individuals. The species is highly vulnerable to overfishing, as it typically grows in easily accessible reef top habitats ). In the south of the Red Sea, Gladstone (2000) reported notable impacts on clams as a result of human harvesting. Although it is not a primary Red Sea fishery, it is clear that Red Sea clams are subject to extractive pressure, as is the case in other parts of the world (Lucas 1994; Ashworth et al. 2004) .
The host's Symbiodinium type, diversity, and the ability to shift Symbiodinium communities affect its overall fitness (DeBoer et al. 2012; Fay and Weber 2012; Baker 2003; van Oppen et al. 2001; Rowan 1998) . Host-associated Symbiodinium have been shown to differ in depth, irradiance, and temperature preference, and corals may change their Symbiodinium communities when these factors fluctuate (Rowan and Knowlton 1995; Rowan et al. 1997; Glynn et al. 2001; LaJeunesse et al. 2004; van Oppen et al. 2005; Stat and Gates 2011) . Clade A has been found in shallow-dwelling corals exposed to high irradiance levels and has the ability to produce UV-protective amino acids in culture (Rowan et al. 1997; Banaszak et al. 2000 Banaszak et al. , 2006 . Clade A is opportunistic, as it is present following disturbances and common in corals postbleaching (Rowan et al. 1997; Toller et al. 2001) . Additionally, in anemones hosting Symbiodinium, Clade A is thought to have the highest heat tolerance and produce high quality photosynthate (Venn et al. 2008) . Therefore, as a heat-tolerant, shallowdwelling Symbiodinium clade, Clade A may prove to be abundant in Red Sea tridacnids. However, the high diversity within each Symbiodinium clade does not allow for accurate comparisons at this taxonomic level (Savage et al. 2002) and physiological responses in corals and anemones hosting Clade A may not be applicable to tridacnid hosts. This has been shown in thermal experiments with tridacnids, where those hosting Clade A were more susceptible to bleaching under increased temperature compared to those hosting Clade C (Sison 2003) . In the same study, tridacnids hosting Clade A were better suited for low light environments, whereas those hosting Clade C were better suited for high light environments (Sison 2003) . Again, tridacnids in Indonesia were found to harbor Clades A, C, and D, with hosts of Clade A found in cooler water, suggesting that Clades C and D are more thermally tolerant in tridacnid hosts (DeBoer et al. 2012) . Even with these contradictions, tridacnids have been found to harbor Clades A, C, and D (reviewed in Baker 2003) , and many studies have found Clade A as the dominant clade (Carlos et al. 1999; Baillie et al. 2000; Pinzón et al. 2011; Ikeda et al. 2017) . Like corals, the clams are able to acquire and dispel various types from the surrounding environment, raising the possibility of clams preferentially retaining Symbiodinium types well-suited for a given environment (DeBoer et al. 2012; Belda-Baillie et al. 1999 ). Due to the high temperature and light levels in the habitats of Red Sea tridacnids, it is likely that the Symbiodinium present are thermally tolerant and are specifically adapted to this unique environment.
This paper aims to illustrate the diversity of giant clams in the genus Tridacna and the diversity of their algal symbionts from reefs along the central Red Sea coast near Thuwal, Saudi Arabia. We expect to find the following species of Tridacna giant clams: T. maxima, T. squamosa, and T. squamosina, as these have been previously reported from the Red Sea (Bodoy 1984; Richter et al. 2008; bin Othman et al. 2010; Huber and Eschner 2010) . Samples were collected from nine reefs on a cross-shelf gradient, including sampling from both the exposed and sheltered sides of the reefs. Our sampling design would allow us to explore the potential effects of reef type on the diversity of clams and symbionts. These data will provide a baseline of tridacnid diversity on the central Saudi Arabian coast and will allow for comparisons of biodiversity as coastal development continues in the region.
Materials and methods

Collection
Nine reefs were chosen to represent the central Saudi Arabian coast of the Red Sea (Fig. 1) . Three reefs were considered inshore, three midshelf, and three offshore, all characterized by their relative distances from the coast. The collection of samples took place during the month of August 2015.
Samples were collected via SCUBA between depths of 3 and 18 m. Samples of mantle tissue between 2 and 3 cm were cut using scissors and forceps from approximately 30 individual clams on each reef. Half of the samples per reef were taken from the exposed (windward) side and half were taken from the sheltered (leeward) side. The sampling design focused on a target number of samples and not a quantification of density patterns. Samples were rinsed with Milli-Q water and cut in half. Half of the individual sample was stored in liquid nitrogen for long-term storage at −80°C. The other half was stored in 95% ethanol to be used for DNA extraction in this study. A photo of each individual was taken in situ, followed by recording depth, reef type, and reef side where the clam was found (see the supplementary material, Table S1 ).
DNA extraction
A subsample of mantle tissue of size about 2 mm 2 was used for DNA extraction. DNA was extracted according to the QIAGEN DNeasy Kit Blood & Tissue Kit (QIAGEN, Tokyo, Japan) and extracted DNAwas placed in 96-well plates and stored in −20°C prior to polymerase chain reaction (PCR) processing. Previous studies examining the DNA of tridacnids used a variety of primers to isolate the gene loci cytochrome C oxidase subunit I (COI), 16S, 18S, and 28S (Su et al. 2014; Richter et al. 2008; Schneider and Foighil 1999) . However, some studies reported that obtaining sequences using the primer set for amplifying the COI locus was the most difficult and proved entirely unsuccessful for some samples (Nuryanto et al. 2007; Su et al. 2014) . Thus, to determine the species of our samples, we used only the mitochondrial gene locus 16S, isolated using the primer set 16Sar (F) (5′-CGC CTG TTT ATC AAA AAC AT-3′) and 16Sbr (R) (5′-CCG GTC TGA ACT CAG ATC ACG T-3′) (Su et al. 2014) .
The QIAGEN Multiplex PCR Kit (QIAGEN, Tokyo, Japan) was used for PCR. The protocol for isolating the 16S gene locus was as follows: initial 95°C for 15 min to activate the QIAGEN mix, 30 cycles of 94°C for 6 min to denature the DNA, 53°C for 1 min to anneal the DNA, 72°C for 1 min for elongation of the DNA, and a final elongation step at 72°C for 10 min. To determine the lineages or clades of Symbiodinium living inside the clam tissue, there are multiple gene loci that have been successful in previous studies examining the diversity of endosymbiotic algae, including the internal transcribed spacer region (ITS), the plastid psbA minicircle, ssrRNA region, and the mitochondrial marker 18S (Reimer et al. 2006; LaJeunesse and Thornhill 2011; Carlos et al. 1999; Rowan and Powers 1992) . In our study, to determine the clades of Symbiodinium, the ITS-rDNA gene region was isolated using the zooxanthellae specific primer set zITS (F) (5′-CCG GTG AAT TAT TCG GAC TGA CGC AGT-3′) and ITS4 (R) (5′-TCC TCC GCT TAT TGA TAT GC-3′) (Reimer et al. 2006) . The PCR protocol for the ITS region was as follows: 95°C for 15 min (activation), 35 cycles of 94°C for 30 s (denaturation), 51°C for 45 s (annealing), 72°C for 2 min (elongation), and 72°C for 10 min (final elongation). A portion of a single DNA extraction from each sample was used for isolating both the 16S and the ITS regions. Following PCR, samples for both tridacnids and symbionts were checked using UV light after running in 1% agarose gel under 90 V for 45 min. Samples were then cleaned by incubating with exonuclease I and FastAP™ Thermosensitive Alkaline Phosphatase (ExoFAP; USB, Cleveland, OH, USA) at 37°C for 60 min, followed by 85°C for 15 min, and then sent for Sanger sequencing at the KAUST Bioscience Core Lab.
Sequence alignment and phylogenetic inference
Sequences from a total of 207 samples were successfully isolated from both the 16S region and the ITS region. Sequences were analyzed, trimmed (445 bp for 16S and 658 bp for ITS), and edited using the program Geneious R8 (Biomatters Ltd., Auckland, New Zealand). A BLAST search on GenBank was performed to confirm species identity.
Haplotype networks for each organism were inferred by Bayesian analysis using PHASE 2.1 (Stephens and Donnelly 2003) implemented in DnaSP 5.0 (Librado and Rozas 2009) . The 16S tridacnid network includes all 207 samples (accession numbers: LT630079-LT630286) plus 15 reference sequences from GenBank (see Table 1 ). Figures for Tridacna were created omitting some shorter sequences (225 bp) from Huelsken et al. (2013) to provide the reader with another representation of the data. Shorter sequences may skew results as they do not align well with our longer sequences (445 bp 
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USA Schneider and Foighil (1999) LT634360) plus 13 reference sequences from GenBank (see Table 3 ). Each run was performed with a burn-in of 100,000 generations, followed by 200,000 generations. All runs returned consistent results and were able to phase each haplotype pair with >90% posterior probability. The individuals with double peaks in their chromatograms were considered to be heterozygotes ). Sequences were delineated using SeqPHASE (Flot 2010 ) when both alleles were of identical length. After delineation, heterozygote individuals were represented by their two allelic sequences in the alignments used for network construction. Median-joining networks showing the relationships amongst the haplotypes were generated in NETWORK v4.6.1.3 (Bandelt et al. 1999 ). The haplowebs were derived from the medianjoining networks by drawing curves connecting haplotypes found co-occurring in heterozygous individuals occurring in Tables 2 and 4) . Three phylogenetic trees were created for tridacnids and Symbiodinium, Bayesian inference (BI), neighbor-joining (NJ), and maximum likelihood (ML). The BI method was applied to the 16S and ITS datasets to create trees for tridacnids and Symbiodinium using Mr.Bayes 3.1.2 (Huelsenbeck and Ronquist 2001) . The evolutionary module GTR + I + G was selected using the program jModelTest 2.1.4 (Darriba et al. 2011; Darriba et al. 2012) . BI analysis utilized a Markov chain Monte Carlo search with 1 million generations with trees sampled every 100 generations. Tracer v1.6 allowed us to choose an appropriate burn-in and look for trends that would cause problems with convergence (Rambaut et al. 2014) . Phylogenetic trees for both tridacnids and Symbiodinium following the NJ method were also generated using the Jukes-Cantor genetic distance 
model by the phylogenetic tree building plug-in of Geneious 8.1.3. One hundred replicates were resampled using the bootstrap method and the support threshold was set to 90. ML trees were created for both tridacnids and Symbiodinium using the program PAUP version 4 (Swofford 2003) and the bootstrap value threshold was set to 70 (see the supplementary material, Fig. S6 ). A consolidated tree using the BI tree topology, which showed the highest resolution of branch separation, was created for both organisms. The tree for tridacnids was rooted with Hippopus porcellanus and H. hippopus as outgroups (Lizano and Santos 2014; Schneider and Foighil 1999) , reference sequences from GenBank (Table 1) , and our selected sample sequences ( Table 2 ). The consolidated tree for Symbiodinium, also created from the BI tree topology, was rooted with Gymnodinium impudicum as the outgroup (LaJeunesse 2001), additional sequences from GenBank (Table 3) , and our selected sample sequences (Table 4) . Both trees were then edited using the software FigTree v1.4.2 (http://tree.bio.ed.ac.uk/) with a branch support threshold of 90% and then final editing was done with Adobe Illustrator.
Results
After aligning and analyzing sequences for tridacnids and Symbiodinium, we found polymorphic sites corresponding to multiple haplotypes. For this reason, haplotype networks for each organism were created (Figs. 2 and 3 ). Tridacnid sequences belong to 31 unique haplotypes, with all reference sequences belonging to separate haplotypes. Samples collected in this study represent 12 unique haplotypes, with no trend based on reef type (Fig. 2) . Symbiodinium sequences belong to nine unique haplotypes, with collected samples from this study making up four unique haplotypes (Fig. 3) . Sequences for phylogenetic trees for both tridacnids and Symbiodinium were chosen based on these haplowebs and represent all unique haplotypes, reef type, and species. During alignment for creating the haplowebs, all individuals with double peaks were considered heterozygous at that loci. The results show that only ITS sequences showed heterozygosity. All of the samples of this study were T. maxima or T. squamosa, with T. maxima being the most abundant. A BLAST search of the giant clam sequences in GenBank confirmed that samples were from T. maxima and T. squamosa. The most similar sequences from GenBank were included in our phylogenetic trees (accession numbers: DQ115320, AM909744, AM909753). Many studies have used morphological characteristics to differentiate the tridacnid species; however, our identification was solely based on genetic analyses. This was done due to the similar morphologies of the species, which makes them difficult to identify, especially in the field (Fig. 4) . Our consolidated phylogenetic tree is based on the BI topology, as it has the highest resolution of separation amongst species. The 16S BI topology shows T. gigas and T. derasa as sister species, with T. mbalavuana as a sister to the T. gigas/derasa clade (Fig. 5 ). This topology also shows T. crocea and T. squamosa as sister species, with T. maxima as a sister to the T. crocea/squamosa clade (Fig. 5) . The BI Fig. S5 ) show a clear separation between references for both T. maxima and T. squamosa and our collected sample sequences of those species, respectively. Further, both the BI and ML trees show slight variation amongst T. maxima collected sample sequences. Tridacna sp., or the cryptic species from Huelsken et al. (2013) , is a sister species to T. maxima, T. squamosa, and T. crocea in all tree topologies. The preliminary phylogenetic analysis, the NJ tree, was not able to separate T. squamosa and T. crocea as sister species (see the supplemental material, Fig. S6 ), but this separation is clearly seen in the BI and ML tree topologies. The tridacnid haplotype network and phylogenetic trees do not show a clear pattern or trend of tridacnids based on reef type. The four T. squamosa samples did not show any clear spatial distribution patterns differing from T. maxima. One individual was found on the exposed side of an inshore reef, two were found on the exposed side of offshore reefs, and one individual was found on the sheltered side of a midshelf reef (see the supplementary material, Table S1 ). With these data, we can only assume that there is no effect of reef type on tridacnid genetics; therefore, no further analyses were performed.
A search in GenBank confirmed that all of our ITS sequences were from Symbiodinium of Clade A, a highly diverse clade containing many strains, as shown in Fig. 6 . The high diversity in our consolidated tree supports previous phylogenetic trees of Symbiodinium based on the ITS gene region (Lee et al. 2015; Ikeda et al. 2017) . The BI tree topology showed higher resolution than the NJ and ML trees (see the supplementary material, Figs. S5 and S6), and shows three distinct clades within Clade A of Symbiodinium from our collected samples. However, only two of these clades have strong branch support values of 0.94 and 0.92 Bayesian posterior probabilities. Although there seems to be separation amongst Symbiodinium in the samples collected in this study as suggested by the three clade separations, no spatial or host species pattern can be drawn from this data.
Discussion
Our study of Tridacna giant clam diversity in the central Saudi Arabian Red Sea revealed unexpectedly low diversity. Although three species are reported from the Red Sea, we encountered only two, despite sampling a variety of reefs and habitats. One species (T. maxima) was far more common than a closely related congener (T. squamosa), despite occurring in approximately equal numbers in other parts of the Red Sea. The third species may be extremely rare (or absent) in this region, or it may have highly specific habitat preferences. Our study also explored the diversity of zooxanthellate symbionts harbored by the tridacnids; we found that all of our samples exclusively hosted Symbiodinium assigned to Clade A. This may indicate that Clade A Symbiodinium represent an optimal group for the local environmental conditions, although the full diversity that these assignments represent remains to be investigated.
Morphological identification of Tridacna spp. poses a problem for in situ studies and surveys, and, thus, introduces a challenge for assessments of biodiversity. As part of our study, underwater photos of each individual were examined for morphological differences. Previous studies state that T. maxima varies greatly in color, usually has 4-5 ribs with round projections on the upper margins of its shell, and more commonly inhabits shallow reef tops Su et al. 2014) . Tridacna squamosa, commonly known as the fluted clam, has exaggerated scutes that open outward and individual clams are found deeper on the reef Chan et al. 2008; Han et al. 2008) . Following genetic identification of the species, our in situ photographs of T. squamosa (Fig. 4) show slight variation in morphology, color pattern, and depth (7-17 m), indicating subtle differences from T. maxima. However, relying on morphological and ecological differences is not a reliable enough way to distinguish these two species in situ, so we recommend that genetic analysis be used as the most reliable method to assign individuals to species. It is noted that, while these markers are useful for species differentiation, they may not be conserved enough for assessments of fine-scale population genetics. Our results suggest distinct tridacnids within the T. squamosa and T. maxima species (Fig. 5) . Tridacna maxima samples collected in this study differed from those collected in Indonesia (Huelsken et al. 2013) , as indicated by the strong branch support values (Fig. 5) . This may indicate a geographically distinct T. maxima in the Red Sea, which is possible due to the limited gene flow and unique characteristics of the region. Tridacna squamosa samples collected in this study also differ from reference sequences of T. squamosa (Fig. 5) . Again, this separation may be due to a specifically adapted species in the Red Sea. Similar results can be found in recent work by Hui et al. (2016) , which showed genetic differentiation between far north Red Sea samples (from the Gulf of Aqaba) and the rest of the Indo-Pacific using the COI locus.
The results from our tridacnid phylogenetic tree topologies are similar to those reported in previous studies that have examined tridacnid phylogeny based on molecular analyses. Strong branch support (1 or 100%) separates species into monophyletic groups of tridacnids within the tree and supports the early phylogenetic tree topology as shown by Schneider and Foighil (1999) with T. gigas, T. derasa, and T. mbalavuana (originally T. tevora, but recently changed by Tiavouane and Fauvelot 2016) as sister species to T. maxima, T. squamosa, and T. crocea. An overview of all cockles in the family Cardiidae shows T. gigas and T. derasa as sister species, with T. mbalavuana branching off from that clade (Herrera et al. 2015) . However, when using the COI gene region, Nuryanto et al. (2007) were not able to distinguish a separation between T. squamosa and T. crocea. Our results show the cryptic tridacnid as a separate species from our tridacnid collection, but a sister species to T. maxima, T. squamosa, and T. crocea, similar to the tree from Huelsken et al. (2013) . Overall, our consolidated tree shows a similar topology as those produced in molecular phylogenetic studies on tridacnids using 16S and COI gene regions.
Missing in our trees and sample collection is T. squamosina and only very few samples were from T. squamosa (4 out of 207); the majority of samples were from T. maxima. Tridacna squamosina was extremely rare (6 out of 1000 samples) in a previous study from the far north of the Red Sea (Gulf of Aqaba, Richter et al. 2008) , so it is possible that our sample size was not large enough to detect this rare species. On the other hand, T. squamosina was not previously detected anywhere in the Red Sea prior to the work done by Richter et al. (2008) , so it is unclear what its true distribution in the region is. In any case, its extreme rarity and susceptibility to harvesting could lead (or may have already led) to local extinction in the central Red Sea. Further, the rarity of T. squamosa on the central coast of the Red Sea contrasts with the abundance in the Gulf of Aqaba, where a ratio of 1:1 (T. maxima:T. squamosa) was found ). The abundance of T. maxima supports previous suggestions that this species is more tolerant of environmental gradients and is the most geographically widespread (bin Othman et al. 2010; Jantzen et al. 2008) . No reef type preference amongst T. maxima and T. squamosa, and, therefore, associated Symbiodinium, can be concluded from our data, and due to the difficulty of distinguishing these two species in situ, a sampling bias is not likely to have been a factor. The exception to this may be sampling for T. squamosina, which appears to occur on shallow tops of reefs, which we did not specifically target.
The local rarity of T. squamosa and the absence of T. squamosina may be reasons for conservation concern. Tridnacnids are easily accessible due to their occurrence in shallow reef areas and, without enforced protection, may be vulnerable to harvesting pressure. Despite the relatively extreme conditions present in the Red Sea, zooxanthellate organisms are not immune from thermal bleaching, with recent bleaching events impacting corals ) and anemones (Hobbs et al. 2013) , and the documentation of giant clam bleaching from other areas (Addessi 2001; Buck et al. 2002; Krishnan et al. 2011; Leggat et al. 2003; Norton et al. 1995; Wilkinson 1998) . Wider surveys of tridacnid distribution patterns and potential anthropogenic threats would be necessary to more completely understand the stability of their populations in the central Saudi Arabian Red Sea. This study may serve as a valuable baseline as coastal development and climate change continue to threaten the reefs in the Red Sea region.
Due to the high diversity of Clade A Symbiodinium, it is possible that there are specific clades associated with Red Sea tridacnids that do not match previously documented tridacnidassociated Symbiodinium strains. This is further supported by the clear separation of Symbiodinium tridacnidorum and our samples from the Red Sea tridacnids (0.91 BP) on the same degree of separation as Symbiodinium microadriaticum and Symbiodinium sequences from this study. In contrast to previous studies, our tridacnid hosts did not harbor Clades C or D (DeBoer et al. 2012; Ikeda et al. 2017; Baillie et al. 2000) . Because all clam individuals harbored Clade A symbionts and no separation trend was detected despite the three separate clades shown in the BI tree, no further formal analyses were performed to explore the relationship between clam species and Symbiodinium clade or the relationship between reef type and Symbiodinium clade. The BI and ML tree topologies for Symbiodinium showed a clear separation between our samples and Clade A sequences from Lee et al. (2015) and other sources (see Table 3 ), suggesting a possible Red Sea-specific group of clam-associated Clade A Symbiodinium. Although we did see separation amongst collected samples, there was no difference resolved between the Symbiodinium of T. maxima and T. squamosa. Because T. squamosa do not rely on the photosynthetic performance of their symbionts as much as T. maxima , it could be hypothesized that they harbor different communities of Symbiodinium identifiable by future work. 
S. californicum (AF334659)
S. tridacnidorum strain A3 (HQ896366) Previous studies have found Symbiodinium from Clades A, C, and D in giant clams (Carlos et al. 1999; Baillie et al. 2000; reviewed in Baker 2003 ), but we found only Symbiodinium from Clade A, a clade shown to have high heat and irradiance tolerance (Baillie et al. 2000; Venn et al. 2008 ), but low tolerance to temperature stress in tridacnids (Sison 2003) . The association with Clade A in Red Sea tridacnids most likely involves tradeoffs of heat tolerance, host growth, photosynthate production, etc., making it difficult to determine the exact role of this clade. Additionally, the presence of this clade as a symbiont may be purely due to geographic location, and could serve as an indicator of symbiotic hosts in the Red Sea. Recent work continues to highlight the amount of genetic and ecological diversity that may exist within each of the established clades (e.g., LaJeunesse et al. 2014) , so future work could employ additional genetic markers to increase the resolution of potential differences in Symbiodinium communities of our samples.
